Abstract-Measurements and studies developed to mitigate harmonic and flicker emission to public networks are presented in this paper. Two different real cases are analyzed. The first one is a new electric furnace with low power factor, which is added to the load consisting of other existing furnaces. The installation had a reactive compensation bank which, according to measurements and studies, would cause harmonic resonance with weak public networks. As technical solution, a dumped C-type filter was designed, taking advantage of the existing bank, to comply with limits established by ENRE 99/97 and IEEE 519/1992. The other case deals with a 2.5 MW electric arc furnace fed from the public MV network. The carried out measurements harmonics, voltage and current unbalances, active and reactive power, power factor and flicker determined that the high flicker level was the most critical disturbance. In addition, the compensation factors required to comply with reference levels and also to determine the dimension of the suitable static compensator were calculated.
I. INTRODUCTION
A rgentinian regulations follow severe international criteria for disturbances emitted from disturbing loads to the network. This is in order to ensure the electromagnetic compatibility between the supplier and customers.
Meeting these regulations frequently requires studying local measures to mitigate the perturbations injected by disturbing loads into the electric distribution system.
Experiences developed in two real cases based on measurements and studies, carried out to mitigate harmonic and flicker emission, are presented in this paper.
The first case corresponds to a new electric furnace of submerged anode and low power factor type, in an Argentinian plant of products for steel making. Such furnace was added to the load represented by other existing furnaces.
The plant is fed from the public MV distribution network at 13.2 kV. The new electrical installation was designed for a 14 MW low power factor furnace.
The installation had a 14 MVAr modular compensation bank to compensate reactive energy which, according to studies and measurements, would cause some resonance with the network. To take advantage of the existing bank, dumped C-type and third order filters were simulated. Thus, limits established by ENRE 99/97 and IEEE 519/1992 were fulfilled.
The other case deals with a 2.5 MW electric arc furnace for steel melting fed from a 13.2 kV network. Measurements of voltage and current harmonics and unbalances, active and reactive powers, power factor and flicker were carried out. The results determined that flicker was the most critical disturbance. Then, it was calculated the compensation factor required to comply with international and Argentinian reference levels and to determine the suitable static compensator size.
One of the purposes of this paper is to present technical solutions for both cases.
II. CASE I: HARMONIC RESONANCE BETWEEN THE REACTIVE COMPENSATION BANK AND THE NETWORK An electric furnace of submerged anode and low power factor type was added to other existing furnaces fed from different supplies. A power factor compensation bank was installed with the new furnace.
Since it was suspected that the connection of the compensation bank would cause some resonance with the network, it was not possible to connect it during the measurements. Therefore, the effect of the capacitors had to be studied by simulations.
A. Measurements
In order to characterize the phenomenon, measurements were carried out for two periods. In each period, the furnace was melting different products. Recorded levels of voltage harmonics at 13.2 kV busbar were under the limits established by Argentinian regulations.
In the case of flicker, the P,, levels were acceptable.
However, harmonic emission levels require a more detailed study, due to the magnification effect that will be expected if the capacitor bank is included.
B. Determination ofnetwork Qfactor
That magnification ratio depends on the real Q factor of the network. To determine this factor, the transient current due to the insertion of a (7.2 + 4.8) MVAr modular bank was recorded. This bank belonged to another furnace in service.
The transient corresponded to the insertion of the 4.8 MVAr stage while the 7.2 MVAr stage was already operating. Fig. 1 shows the transient current evolution in phase S. In this figure, the fundamental current was filtered. A stable level of 5th harmonic before the insertion is seen. 
In Fig. 1 , t is 14 ms and substituting this value in (3) yields:
AT
Then comparing (2) with (3), Q factor of the network yields: Q=Nuz=2.7 z=8.5 (5) This is an important experimental result that will be used in further simulations.
C. Study ofthe newfurnace emission
In order to determine the furnace emission, limits regulated by ENRE [1] and IEEE [3] , adapted to furnace nominal conditions (the current corresponding to a 14 MW demand with PF= 0.85), were used as reference in Table II . In this table, it was considered the supply in present conditions (SscISL<20), a foreseen improvement in the same MV supply (20<Ssc/SL<50), and an eventual future feeding from the HV network (SSCISL>50).
The furnace emission levels were adopted as the highest 195% value for each component from Table I . By comparison of these emission levels to those shown in Table II , it was concluded that the installation without the (5 + 5 + 4) MVAr bank would comply with the limits regulated by both ENRE and IEEE, under the three considered possibilities of the public network. Nevertheless, the operation of the plant without the capacitor bank is not the usual operating condition, due to the violation of the power factor limit established by ENRE.
To study the effect of connecting the compensation bank, it was adopted the equivalent circuit of the furnace supplied from the 13.2 kV public network, simplified to this end. This model is depicted in Fig. 2 In this figure, it is considered the effect of the transformer I I I~~~~~~~~ taps and variations of short circuit power (Ssc) upstream the 132 kV busbar. These Ssc variations were simulated by different local generation conditions (2700 MVA, 3300 MVA and 4300 MVA). The compensation capacitors and the network form an RLC circuit that tends to magnify the harmonic currents emitted by the load (Fig. 3) . The considered Q factor of the network is the one obtained in the previous section. The worst magnification conditions, which were obtained from the evolving curve, are summarized in Table III . Magnification values obtained for cero-sequence current components were not applicable (capacitor bank with floating neutral). That is why the corresponding coefficients were set to one. Table II, were remarked in  Table IV . The exceeded limits were also remarked in Table II . (Fig. 5a ) and third order (Fig. 5b) . Cases considered in this study are shown in Table V . For present supply conditions, the IEEE limits for the 2nd component could never be fulfilled and the 4th component could be slightly lower than IEEE limits only in case 3. This is due to the extremely restrictive criteria of the Standard for these components. However, measurements have revealed that even components of emitted current could be appreciably diminished depending on the produced compound. Thus, according to the furnace typical production, it is possible that those limits could actually be fulfilled.
For the other harmonics, any of the studied alternatives are sufficient to maintain their values below regulated limits. [4] will not be exceeded for the present harmonic distortion. * The current in the reactor is the lowest of the several studied alternatives, which means a less voluminous reactor (this element defines the volume of the installation for the complete filter). * The installation power losses are the lowest.
III. CASE II: FLICKER GENERATED BY AN ARC FURNACE AND
MITIGATION
The second case deals with an 8-ton electric arc furnace (EAF) of 2.5 MW for steel melting. This furnace was connected to the Argentinian distribution system.
The electrical one-line diagram of the power system is shown in Fig. 7 . As it can be seen, the steel industry is supplied directly from public distribution network at 13.2 kV level.
After the furnace is charged with scrap, operation begins by lowering the electrodes to strike electric arcs between the electrodes and the scrap. Due to the random motion of the electric arc and resulting changes in the arc length, there are random fluctuations in current, which cause voltage fluctuations upstream the furnace in proportion to the system impedance.
The main purpose for controlling voltage fluctuations in power systems is to reduce their effect on domestic and commercial customers, especially on the light output of electrical lighting that causes annoyance to human beings (phenomenon known as flicker).
A. Flicker Measurements
Flicker measurements were carried out by IITREE with an IEC normalized flickermeter. Fig. 8 shows the normalized one-week, 10-minute-interval Ps, measurements. Obtained statistical results from the normalized flicker measurement are shown in Table VIII . The obtained value of P,195% = 2.21 is above the limits of European and Argentinian Standards.
The flicker emission limit, according to Argentinian Standard [1] , depends on both short circuit power of the system at the PCC and the consumer power demand, as it can be seen in Table IX . The highest value is similar to the measured one.
An empirical prediction formula to estimate flicker level at PCC is recommended for a.c. furnaces [6] The EAF apparent power could be determined according to the power factor limit described in [ [5] , the flicker emitted by the EAF could be estimated by: E. Minimum short circuit power to avoid compensation
In order to comply with [1] , and according to the first line of 
